Micronutrient powder (MNP) interventions are often integrated within infant and young child feeding (IYCF) programmes to improve micronutrient intake from complementary foods. This review aims to describe country experiences with MNP interventions and their impact on IYCF practices and develop a framework for how MNP may strengthen complementary feeding practices. A literature review and key informant interviews were used to gather data on complementary feeding practices in MNP programme design, implementation, and evaluation. Findings from 11 MNP programmes in different geographic regions reinforced the potential of MNP interventions to add renewed focus and resources to existing IYCF programmes. MNP plays an important role in ensuring adequate micronutrient intake and reducing anaemia in young children. In some programmes, MNP users had improved IYCF practices, such as breastfeeding to 24 months and children receiving complementary foods with adequate consistency, frequency, and diversity.
| INTRODUCTION
The complementary feeding period, generally from 6 to 24 months of age when solid, semisolid, and soft foods are provided in addition to breastfeeding, is a critical phase of child growth and development.
Nearly 100,000 child deaths could be averted if complementary feeding interventions, such as nutrition education and provision of additional complementary foods in food insecure populations, were scaled up to 90% coverage . Dietary diversity and consumption of animal-source foods are associated with reduced stunting in children 6 to 23 months of age (Krasevec, An, Kumapley, Bégin, & Frongillo, 2017) , and consumption of a minimum acceptable diet (MAD) with dietary diversity reduces the risk of both stunting and underweight (Marriott, White, Hadden, Davies, & Wallingford, 2012) . However, many young children in resource-poor countries still do not receive optimal complementary feeding practices: only one in six children are fed the MAD, and one in four are given minimum dietary diversity (MDD; White, Bégin, Kumapley, Murray, & Krasevec, 2017) . Even when use of locally available foods is optimized, iron and zinc needs are still not met for young children, and other cost-effective strategies to ensure adequate intake of these nutrients are needed (Osendarp et al., 2016) .
There is growing evidence demonstrating the feasibility and effectiveness of complementary feeding interventions and their role in reducing undernutrition in the first 1,000 days of life. Results from efficacy and effectiveness trials and programme evaluations have demonstrated the positive impacts of combined community-based, mass media, and advocacy approaches in improving breastfeeding and complementary feeding practices (Fabrizio, van Liere, & Pelto, 2014; Lamstein et al., 2014) . Despite the gains in the science, few countries are implementing comprehensive, large-scale complementary feeding programmes, whether nested within broader infant and young child feeding (IYCF) programmes or integrated into other programmes or sectors.
Micronutrient powder (MNP) sachets contain a dry powder with micronutrients that can be added to any semisolid or solid food and were first developed as an alternative to iron syrup for treating nutritional anaemia in young children (Zlotkin et al., 2005) . On the basis of a recent review of trial evidence, (De-Regil, Suchdev, Vist, Walleser, & Pena-Rosas, 2011) , the World Health Organization (WHO, 2016) recommends home fortification of foods with MNP among infants and children 6-23 months of age to reduce iron deficiency and anaemia in young children. Programming guidance for MNP interventions has been provided by the Home FortificationTechnical Advisory Group (HF-TAG, 2011) . MNP interventions are currently implemented at national, subnational, or pilot level in at least 50 countries globally (UNICEF, 2015) .
In controlled settings, the effect of standard MNP formulations on child growth has been minimal (De-Regil et al., 2011; Salam, MacPhail, Das, & Bhutta, 2013) , except for a recent trial in Bangladesh using an expanded micronutrient formulation among full-term, low birthweight infants that demonstrated a reduction in stunting at 12 months (Shafique et al., 2016 ). To effectively improve child growth, and although the optimal MNP composition is being researched, there is a need to concurrently address other complementary feeding and care
practices along with promoting MNP use. MNP interventions are often integrated within broader IYCF programmes with the goal of improving micronutrient intake from complementary foods among children 6 months of age and older (HF-TAG, 2011) . The Nutridash 2014 Global Report showed that 74% of MNP interventions were linked with IYCF programmes (UNICEF, 2015) .
The purpose of this paper is to review country experiences on how existing MNP interventions impact IYCF practices and to develop a framework on how MNP interventions could strengthen IYCF practices and complementary feeding in particular. The focus of the review is on nonhumanitarian contexts, although reference may be made to unique situations where a modified approach is needed.
| METHODS
A review of existing MNP interventions was conducted with a focus on those that were integrated with IYCF programmes and have documented formative research and/or programme evaluation results. Thirty-one MNP interventions integrated with infant and young child nutrition programmes in 25 countries were identified in the United Nations Children's Fund (UNICEF) NutriDash 2013 database. Information was requested from UNICEF, government, and implementing partners through a convenience sample of 13 countries that were thought to represent programmes with regional diversity, public/private distribution systems, national scale of implementation, and mature and initial phases. Information was obtained from 11 countries. For each MNP country programme, formative research reports, training and behaviour change communication (BCC) materials, evaluation reports, and peer-reviewed publications were reviewed. Data were collected on the type of MNP intervention, evidence of integration of IYCF in the MNP intervention (considering integration at policy, training, and monitoring/evaluation levels), how the MNP delivery channel facilitated access to IYCF counselling, whether recommended IYCF practices were included in MNP training and BCC materials, and any documented evidence of improved complementary feeding practices (i.e., timely introduction of complementary foods, continued breastfeeding, appropriate foods, and feeding frequency) among MNP users. To complement the programme data collected, key informant interviews were conducted with technical advisors and MNP programme managers.
On the basis of MNP programme experiences, a theoretical framework was designed to illustrate the potential mechanisms through which MNP interventions could influence and strengthen complementary feeding practices at the household level.
| OVERVIEW OF COUNTRY PROGRAMMES
Information was gathered from countries with MNP interventions delivered at scale and in the process of scale-up. Table 1 summarizes the key characteristics of these programmes. No programmes from
Key messages
• Countries scaling up MNP interventions to address micronutrient deficiencies in young children should consider carefully how to integrate this within broader programs that intentionally and simultaneously address other IYCF practices.
• MNP delivery through routine health services, community-based outreach, market-based models, and other platforms has the potential to increase awareness of important IYCF practices in a broad sense and increase frequency of contact between caregivers and providers of IYCF counselling and support.
• The proposed framework highlights how actions at MNP intervention policy, delivery, and BCC levels could collectively influence household IYCF practices; however, program evidence of improved complementary feeding practices among MNP users was limited.
• There is a need to develop practical tools for community-based monitoring of complementary feeding practices and strengthen evaluation of core IYCF indicators by MNP programs.
Latin America region were included due to lack of information available at the time of the review. Shasthya Shebikas), pharmaceutical outlets, and the Social Marketing
Company. Scale-up of MNP in Kyrgyz Republic followed a pilot study (Lundeen et al., 2010) and scale-up in one province (Serdula et al., 2013) ; now, MNP are distributed free nationally through the primary health care system to children 6-23 months as an integral component of the maternal, infant, and young child nutrition programme (MOH Kyrgyz Republic, UNICEF and CDC, 2015) . In Mongolia, MNP are integrated in maternal and IYCF programmes delivered through primary health care facilities, and recent projects have sought to improve nutrition service quality and coverage and IYCF counselling by health workers (Batjargal et al., 2013) . In Nepal, MNP were integrated within IYCF programmes in six districts in 2011 and delivered through female CHV or health facilities in rural areas, and ward offices or health facilities in urban areas (Mirkovic et al., 2016) . In the Philippines, a national policy on MNP intervention for children 6-23 months was Protocol was for 60 sachets per child but was reduced to 30 sachets (and priority given to children 6-23 months) during the December 2013 distribution due to inadequate supplies; 60 sachets per child were given during the March 2014 distribution (Korenromp et al., 2016) .
research is guiding the design of an integrated IYCF and MNP intervention targeting children 6-23 months (UNICEF Nigeria, 2015) . In 
| FRAMEWORK ON HOW MNP MAY CONTRIBUTE TO IMPROVE CHILD FEEDING PRACTICES
MNP intervention's contribution to improve child feeding practices has not been systematically explored to date. Integration of MNP with IYCF may mutually benefit both programmes, although there is little programmatic evidence of this (Mirkovic et al., 2016) . As shown in the framework (Figure 1 ), the potential for MNP to influence complementary feeding practices is based on multiple programme components, including policy actions, delivery actions, and behaviour change interventions, that work in collective ways to influence household actions with respect to child care and feeding practices. The following sections describe the potential contribution that MNP interventions can make at each level within the framework and provide examples from country programme experiences. A summary of the proposed mechanisms is shown in Table 2 .
| Enabling environment
The The potential for MNP interventions to improve complementary feeding practices also may depend on how MNP are registered as a FIGURE 1 Theoretical framework describing how MNP and IYCF programmes can be integrated to improve complementary feeding practices product (e.g., pharmaceutical, food, or nutrition supplement) and the wording of associated legislation to control unethical marketing.
| MNP delivery
The delivery of MNP interventions can also contribute to improve health care service access is very high and reaches most caregivers of children 6-23 months. In Nepal, MNP coverage was higher in the CHV model, which was more accessible than the health facility model (Jefferds et al., 2015) . In Cambodia, MNP coverage through health facilities was lower than the community-based approach, and some caregivers perceived MNP as a medicine because it was being distributed by health centres, contributing to low compliance (Noij, 2013) .
Reaching healthy children was also challenging in Mongolia, where MNP was given primarily to children who regularly visited health facilities and were more likely to be weak, malnourished, and prone to illness (Batjargal et al., 2013) .
A community-based delivery mechanism makes both MNP and Contextual factors determine whether one or more of the above delivery mechanisms is most likely to achieve the desired reach; evidence regarding programme effectiveness, sustainability, and potential for scale-up should also be considered (Olney, Rawat, & Ruel, 2012) .
Other potential delivery mechanisms for MNP distribution include integrating MNP interventions with social safety net programmes (HF-TAG, 2011) or with agricultural support, such as in Mongolia (Batjargal et al., 2013) and Nepal (Osei et al., 2015) . MNP delivery to young children in refugee camps and emergency contexts has been successfully implemented with a positive impact on child nutritional status (Rah et al., 2012) . The potential for MNP interventions to improve complementary feeding practices in these settings has not been studied.
| Behaviour change interventions
MNP programme effectiveness requires that the product be used for an extended period of time and often requires changes in child feeding practices (HF-TAG, 2015) . No matter what delivery mechanism is used, all programs must develop and deliver strategic behaviour change interventions in order to generate demand, ensure continued high coverage, reinforce appropriate use of MNP, and influence child-feeding practices in the target population. Local formative research findings are useful for developing the program impact pathway and identifying simple and clear key messages that target specific child feeding practices that providers can understand and promote. Broad dissemination of IYCF messages through mass media and visual aids helps to increase awareness of recommended feeding practices and reinforces the interpersonal communication efforts of health care providers at facility and community levels. Customizing the MNP packaging and branding strategy for market-based delivery models are also opportunities for including specific IYCF messages. Table 3 and discussed here under three broad themes-quality foods, optimal feeding practices, and food and water safety.
| Research, monitoring, and evaluation

| Quality foods
Because traditional complementary foods are often of low nutritional quality, there is a need to improve the energy and nutrient density, diversity, and micronutrient content of these foods. Addition of MNP to complementary foods directly contributes to increased child intake of iron and up to 15 other micronutrients, depending on the formulation, and can be an affordable way for families to help children fully meet their micronutrient needs (Baldi et al., 2013) . Increasing intake of other locally available micronutrient-rich foods, such as animal source foods, requires addressing cultural and socioeconomic barriers and including this as a priority behaviour in training and BCC efforts (Allen, 2012; Sanghvi, Jimerson, Hajeebhoy, Zewale, & Nguyen, 2013) . There were few examples found of MNP programs and BCC materials that directly addressed this. MNP interventions promote active and responsive feeding practices, in part to ensure the child eats the entire portion of food mixed with the MNP within 30 minutes in order to prevent colour or taste changes in the food (Michaux et al., 2014) . Responsive feeding is especially important in contexts where young children are malnourished and may need active encouragement to eat due to a poor appetite (WHO/UNICEF, 2005). However, a potential increased risk of forced-feeding young children due to the caregiver's fear of wasting the unfinished MNP sachet was observed in Bangladesh (Pelto et al., 2015) . MNP program emphasis on feeding children with a spoon may also discourage local practices of hand-feeding by caregivers or selffeeding by the child, which can help to overcome time barriers expressed by caregivers (Affleck & Pelto, 2012) . A strict focus on the child eating from a separate dish may also undermine important social and cultural values of sharing the family meal from a common dish.
Recommending daily use of MNP may promote higher meal fre- and Kyrgyz Republic (MOH Kyrgyz Republic, UNICEF and CDC, 2015) but not in Madagascar (PSI Research Division, 2014) Republic, UNICEF and CDC, 2015) . Children in Nepal who consumed 30-60 sachets from the last batch obtained were also twice more likely to meet recommendations for MAD compared to children who consumed no MNP (Mirkovic et al., 2016) .
If MNP use addresses underlying nutrient deficiencies, this may improve a child's appetite and contribute to an increased amount of food consumed and the frequency of meals and snacks provided.
Loss of appetite in young children is a central concern to caregivers in Bangladesh (Pelto et al., 2015) and Nigeria (UNICEF Nigeria, 2015) . Caregivers participating in MNP pilot programs frequently report an observable increase in the child's appetite (Angdembe, Choudhury, Haque, & Ahmed, 2015; Bilukha et al., 2011; Jefferds et al., 2010; Osei et al., 2014; Tripp et al., 2011; UNICEF Nigeria, 2015) . Encouraging caregivers to feed their child using a separate bowl can also help to increase their awareness about how much food the child consumes during each meal (McLean, Suter, et al., 2013) .
Child feeding practices during and after child illness are also critical, particularly in contexts where food restriction for sick children is common. Although program guidance states that MNP should not be given to any child suffering from malaria, severe acute malnutrition, or severe anaemia (HF-TAG, 2015) , BCC materials can address the need for encouraging a sick child to eat. For example, the Rwanda MNP counselling reference guide encourages caregivers to continue feeding sick children with complementary foods prepared with the MNP, along with continued breastfeeding, explaining that the added vitamins and minerals will help to fight the infection and promote quick recovery.
| Food and water safety
Safe preparation and storage of complementary foods and promotion of personal hygiene practices (e.g., handwashing with soap before preparing food and feeding the child) are directly addressed in many MNP interventions. Caregivers are instructed to add the MNP to a very small amount of food and discard any leftover, even if MNP was added, in order to avoid bacterial contamination of food that may be stored by the caregiver and given to the child later in the day, as reported in some MNP trials (Osei et al., 2014; UNICEF Nigeria, 2015) . Evidence of a direct impact of MNP interventions on the safe preparation of foods and caregiver hygiene practices is limited. Caregiver hand-washing practices were similar between intervention and comparison areas in Rwanda (McLean, Michaux, et al., 2013) .
| DISCUSSION
This review has identified many opportunities to improve complemen- (Mirkovic et al., 2016; Nguyen et al., 2016; UNICEF, 2012) .
High-quality formative research on local IYCF practices is being done as part of MNP program design, but there is still a gap in using these findings to develop the program impact pathway and translating them into IYCF program design recommendations. Research to date has focused primarily on MNP-related issues, such as appropriate local food vehicles for MNP use, and could place more emphasis on identifying the key barriers and facilitators to caregivers providing locally available nutrient-rich foods to young children (e.g., iron-rich foods).
Conducting dual purpose research and using the data to design interventions that promote both MNP use and optimal IYCF practices are Concerns with unintended negative consequences of MNP promotion on IYCF practices, such as caregivers introducing foods with MNP earlier than 6 months due to the promised positive effects or modifying feeding practices in a negative way (e.g., choosing not to purchase and give animal source foods) due to the perception that the MNP will provide all the nutrients the child needs, were rarely documented. When introducing a new "product" to improve nutrient intake in young children, it is important to avoid undermining existing efforts to improve the availability and affordability of quality local foods (WHO, 2008) . As another potential unintended negative consequence, evidence of increased forced feeding has been found in Bangladesh (Pelto et al., 2015) . Adverse side effects associated with MNP use, including increased diarrhoea (Soofi et al., 2013) and adverse effects on the gut microbiome and intestinal inflammation (Jaeggi et al., 2015) may negatively impact child feeding practices, dietary intake, and nutrient absorption. Additional research is needed to explore whether there are real risks of MNP promotion for optimal IYCF practices. In addition to well-designed research trials, post hoc analysis of program evaluation data on IYCF practices looking at groups with different MNP adherence levels may also be useful in exploring these indirect effects (Mirkovic et al., 2016) .
| Limitations of current review
This was not a systematic review but included information in peerreviewed publications and the "grey" literature (unpublished reports by governments, multilaterals, and NGOs) on IYCF outcomes as measured by MNP programs. We limited the scope to MNP interventions delivered in stable and relatively food-secure development contexts; therefore, our findings are not generalizable to food insecure and humanitarian settings. Many of the programs included were pilot efforts where intensity of program oversight and monitoring is likely higher and may result in better outcomes than in national-scale programs. Program evaluations were often based on before-and-after study designs without a comparison or control group, making it impossible to attribute the changes observed solely to the intervention.
Thus, the proposed framework is primarily theoretical, as there was sparse evidence to support or contradict the proposed impact pathways. Although stronger evaluation designs are recommended, it will be difficult to identify the specific role of MNP promotion in changes in IYCF practices in contexts where an integrated approach is effectively delivered.
| CONCLUSION
There is a limited but growing body of evidence to suggest that the implementation of MNP interventions, often integrated with programs seeking to improve IYCF, can contribute to improve complementary feeding practices. MNP interventions play an important role in ensuring adequate micronutrient intake and reducing anaemia in young children. Building on a supportive policy environment and complemented by strategic and integrated BCC efforts, MNP delivery through routine health services, community-based outreach, market-based models, and other platforms has the potential to increase awareness of important IYCF practices in a broad sense and increase frequency of contact between caregivers and providers of IYCF counselling and support.
With regular follow-up at the household level and use of hands-on methods for teaching caregivers about ways to prepare foods and feed them to their young children, MNP interventions have the potential to add renewed focus and resources to existing IYCF programs. However, this can only be achieved when MNP intervention design, implementation, monitoring, and evaluation activities are fully introduced as part of IYCF programming.
